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Indian Standard

PERFORMANCE VERIFICATION OF LIQUID SCINTILLATION COUNTING SYSTEMS
0. FOREWORD
0.1 This Indian Standard was adopted by the Bureau of Indian Standards on 22 June 1988, after the draft finalized by the Electronic Nuclear Instrumentation Sectional Committee had been approved by the Electronics and Telecommunication Division Council. -6.2 Liquid-scintillation counting systems are widely used for radionuclide assay in nuclear medicine, life science research, and industrial applications. A typical commercial system is a combination of a sample-changing device with a liquid-scintillation spectrometer such that a number of samples may be counted automatically. The liquid-scintillation spectrometer usually consists of a sample chamber, with the associated electronics to detect and record the presence of radioactivity dissolved in the sample. The sample compartment may be either air-cooled or refrigerated ( conThe liquid-scintillation trolled temperature ). counter is so named because the usual radioactive sample assayed is either dissolved or dispersed in a solution containing one or more organic scintillators. 0.3 The purpose of this standard is to provide the user with a means of verifying the performance of typical liquid-scintillation counting systems. 0.4 This standard is prepared based on ANSI N42- 15- 1980, `Performance verification of liquidscintillation counting systems', issued by the Institute of Electrical and Electronics Engineers.

1. SCOPE 1.1 This
standard covers the performance verification of liquid scintillation counting systems. The measures of performance considered in this standard are: a) Counting system efficiency, of sample and and background b) Reproducibility count rates.

2.1.4 Counting Channel - A region of the pulseheight spectrum which is defined by upper and lower boundaries set by discriminators.
2.1.5 Counting Eficiency - The ratio of the count rate to the distintegration rate, usually expressed as a percentage : E = ( R/A ) x 100. ( See 2.3 for nomenclature ). 2.1.6 Discriminator, Pulse-Height - A circuit which produces an output signal if it receives an input pulse whose amplitude exceeds an assigned value. 2.X.7 Gain, Phototube - The ratio of the signa output current to the photoelectric signal current from the photocathode. 2.1.8 Liquid-Scintillation Solution - A solution consisting of an organic solvent ( or mixture of solvents ) and one or more organic scintillator solutes. 2.1.9 Organic-Scintillator Solute Material - An organic compound which can absorb radiant energy and immediately ( typically within 10-s second ) re-emit this energy as photons in the ultraviolet range. 2.1.10 Quenched Samfile - A popular expression which connotes a counting sample that contains adulterants which reduce the photon output. 2.1.11 Resolving Time - The minimum time that shall exist between successive events if they are to be counted as separate events. 1

1.2 This standard does not cover the calculation of sample activity for quenched unknown samples. this standard will not deal with Accordingly, sample preparation, efficiency correlation ( quench correction ) procedures, or the identification of unknown radionuclides. 2. TERMINOLOGY

2.0 For
2.1

the purpose of this standard, and definitions used shall be as follows.

the terms

General 2.1.1 Background Check Source solution A sealed vial containing no added

of liquid-scintillation radioactive material.

2.1.2 Background Counts ( in Radioactivity Counwhen ters ) - Counts recorded in the instrument measuring a background check source. A radioactive source, 2.1.3 Check Source not necessarily calibrated, -which is used to confirm the continuing satisfactory operation of an instrument.

.
2.1.12 Unquenched Sample - A popular expression which connotes a counting sample that contains a minimum of caloured species and chemical impurities which would reduce the light output from the scintillaton.

2.1.13 Vial - A gIass or plastic sample container which m'eets the international dimensional specifications. 2.2 Sttidards
and Check Sources

2.2.3 Background Sources ( Unquenched Blank ) Flame-sealed background sources are equivalent to Type (a) check sources with no added activity, and are used to monitor the reproducibility of the counter background. Such sources are sold as unquenched background by commercial suppliers. The glass vials used for background check sources shall be fabricated from low-potassium borosilicate glass, and the dimensions shall conform to international specifications. 2.3 Symbob
A =

'

Material A 2.2.t Radioactivity Standard material having a known radioactivity concentration of a specified radionuclide. Such material shall be either of the following when such standards are Available:

A radioactivity standard reference mate& a> that has been certified by a laboratory

recognized as a country's National Standardizing Laboratory for radioactivity measuremcnts. A radioactivity standard material that has been obtained from a supplier who participates in measurement assurance activities with the National Standardizing Laboratory.

activity of the radionuclide contained in the check source. In this standard, activity is expressed in disintegrations per minute although the recommended' unit for activity is the becquerel where 1 becquerel equals 1 transition per second. background minute; count rate, counts per

^

B=

b)

In such measurement assurance _ _ activities, the supplier's calibration value should agree with the National Standardizing Laboratory's value within the overall uncertainty stated by the supplier in its certification of the same batch of sources or in its certification of similar sources. 2.2.2 Check Sources
2.2.2.1' Four types of check sources which are of the vial type may be used:

subscript used in to to represent elapsed counting time; E = counting system efficiency: E - ( R/A ) x 100; z = any individual measurement in a series of measurements, used as subscript notation, for example, ./Vi; n = number of measurements in a series; JV = total number of counts accumulated in an individual measurement;
R = net count rate in an individual

C -

measure-

ment, counts per minute;

a) Flame-sealed glass ( activity known ), b) Flame-sealed glass ( activity unknown ), c) Screw-capped known ), and d) Screw-capped unknown ) . glass or glass or plastic ( activity

t = counting time, minutes; t, = elapsed counting time for a short-lived radionuclide, expressed in the same units of time as the half-life; h = radioactivity decay constant; s = computed standard ured distribution; A u 5 an estimate of; deviation of a meas\ .

plastic ( activity

Check sources of the type ( a ) can be used for all measurements described in this standard. Such sources' are available from instrument manufacturers and suppliers of radiochemicals. They are often designated as unquenched standards.
2.2.2.2 The use of types (b) to (d) is limited to specific tests. Type (b) can be used wherever relative data is sufficient and no computation of the disintegration rate is required. Type (c) and (d) shall be used only for short-term performance tests. The scintillation characteristics of a source in screw-capped viala can change rapidly for several reasons, one of which is the evaporation of volatile components. When polyethylene vials are used, the solvents and solutes can diffuse into the walls, causing swelling of the vial as well as changes in the scintillation properties of the wall.

u = true standard deviation for the measured distribution; of .M as x = aver'age of n measurements defined by Eq 1 [ see 3.2.2.4 (a) ]; X' = statistic used to compare the observed. variance of a distribution with a hyp+ thetical variance; Xs = Ss/@; xs - computed value of Xs for a real distribution [ see 3.2.2.4 (b) ] Eq 4. 3. OPERATIONS AND TESTS

3.1 General - All instruments shall be operated in conformity with the manufacturer's recommendations. 2
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3.2 Test Procedures 3.2.2.3 Counting system ej%iency and background counting ratefor other radio nuclides - Repeat the procedures in 3.2.21 and 3.2.2.2 with counting channels and check sources appropriate for the radionuclide selected. If tritium is not routinely used, another radionuclide can be substituted in 3.2.2.1 and 3.2.2.2. 3.2.2.4 Counting system refiroducibility a) Standard deviation-A major measure of performance is that the counting system gives reproducible results. The statistical concepts presented in this section are necessarily limited to those required to perform a basic test of the counter reproducibility. If a check source is counted n times, for equal counting times, the total number of counts .Ni accumulated in the ith interval will be distributed about some average value given by:

3.2.1 Frequency of Testing - Instrument performance shall be monitored by the user following replacement of sealed check installation, service, sources, or any other circumstance that may effect the accuracy of data obtained using the counter. Details of these performance tests are given in 3.2.2. In addition, a quality-control programme shall be established to monitor the day-to-day performance of the instrument. These routine performance tests are given in 3.2.3. 3.2.2 Initial Performance Tests - The following tests shall be performed by the user upon installation of the counting system and following any of the eventsset forth above:

4

Determination of the efficiency E of the Type

counting system (a) check source;

b)

Determination of the counting rate of a background check source B in each counting channel that is used under normal conditions; Estimation data by: of dispersion in the counting

x-z $

Cl

i=l

c xi

n

...... (1)

i) the estimated standard deviation CLof the counting data, assuming it to be Poisson distributed; ii) Determination deviation S; iii) of the observed standard

where .Ni is any individual measurement of a series of measurements. The scatter in these measured values or, more precisely, the estimated standard deviation of this distribution, is a measure ~of the counting system reproducibility. Since the probability of radioactive decay events is distributed according to Poisson statistics, an estimate of the standard deviation for any single observation is given by:

Completion of a chi-squared. (Xs) test, or other test, to determine the reproducibility of the measured sample count rate.

3.2.2.1 Counting system ej%iency E for tritium check source - Use a tritium check source of known activity A. Set the gain and discriminator levels ( that is, the tritium counting channel ) according to the manufacturer's recommendations. Accumulate approximately lo5 counts and compute the net sample count rate R. Compute the counting system efficiency as E = ( R/A ) x 100. For a typical newer system, the maximum tritium counting efficiency for an unquenched check source will be about 60 percent when the tritium counting channel is set to encompass most of the tritium pulse-height spectrum. A slightly lower value would not be grounds for rejecting the instrument since the efficiency also depends on the check source ( Failures of the check source are discussed in 4.2 ). 3.2.2.2 Counting system backgroind in tritium channel - Using the instrument settings described above, measure the background counting rate B. The background check source was described in 2.2.3. Compute the background from those 10 min measurements. If B exceeds 40 counts per the major sources of the background minute, counts should be identified. Some of the factors which may cause ahigh background are discussed in 4.3. If the cause of the high background cannot be identified, consult the manufacturer. 3

_.... (2)
The standard deviation may also be predicted from the n replicate measurements as:

S= [

1
n-l

i=l

c

n

( 4

-

3)"

If the measured standard deviation S of the data as computed from Eq (3) is much greater than that predicted by Poisson statistics, $ of Eq (2), the user shall find the cause of the additional error in the experiment. Perhaps, for example, the sample changer is not positioning the vial reproducibly in the counting chamber. 6) Chi-squared (Xa) test - Statistical test, such as the X2 test, used to determine whether the system is operating within allowable limits. The value X2 computed from a sample distribution is given by:
X2=.-

i I

. . ..- (3)

1

Jv

i=l

J&-TV CC J ......(4)
2

n

If the X2 value is within certain limits, the counter is said to be operating satisfactorily at some prescribed confidence level.

3s : 12421 F 1988 An example of the use of the X* test is given in Appendix A. To conform to this standard, a test, such as the one shown there, shall be performed. At least 10 replicate measurements shall be made, with JV lying between 50 000 and 500 000 counts. The test shall be performed with a Type (a) check source, using a counting channel set according to the manufacturer's recommendations. The computed X2 value shall fall within the limits corresponding to probabilities of 0.05 and 0.95, respectively. If the system fails to meet this criterion, consult the manufacturer. 3.2.3 Routine Performance Tests 3.2.3.5 Results outside control limits If a daily measurement of R or B falls outside the control limits, the measurement shall be repeated immediately. If the repeat measurement is also outside the limits, check instrument settings and then refer to precautions listed in 4.2 and 4.3. Some real changes in the mean value for R or B may occur. For example, the background may drop by a factor of 2 without affecting the performance of the counter. The purpose of the control chart is to alert the user to possible changes in the instrument or the surroundings before valuable time is lost. NOTE ---or laboratories with multiple counting systems, each system should have assigned to it a single set of check sources, including a background source. 4. PRECAUTIONS 4.1 Measurement of Radioactivity

3.2.3.1 General - The performance of the counting system shall be monitored on a daily basis during periods in which the counter is in use. The tests shall be performed using flamesealed check sources [ see 2.2.Lzk Type (a) ] and flame-sealed background sources ( see 2.2.3 ). The information that should be recorded is shown on the sample quality control record in Appendix B. The data should also be recorded on control charts. If any instrument operating parameter is changed, a new control chart should be started. 3.2.3.2 Check source - The same flamesealed check source shall be used throughout the useful life of the source where useful life is a period not to exceed five half-lives or 10 years, whichever is shorter. The check source shall be counted at least once each day in which the counting system is in use, for a counting time sufficient to accumulate a minimum of 20 000 counts. The same counting time shall be used for each measurement to ensure comparable counting statistics. 3.2.3.3 Background check source - The same flame-sealed background check source shall be used at least twice daily for background measurements. It is recognized that the amount of time spent measuring background samples will depend on the relative count rates of the routine samples. For the daily background performance check, however, the counting time per measurement shall be constant so as to achieve a statistically comparable number of counts. 3.2.3.4 Control chart limits - After about one month of operation, there will be enough observations of check-source count rate R and background count rate B to allow estimates of the standard deviations for the distributions using Eq (3). The 2 8 limit should be used for the control charts. For a normal distribution, 95 percent of the daily observations will lie within 2 S of the calculated mean value. This means that only about one measurement per month ( 20 working days ) for the active check sources and about two measurements of the background check source will fall outside the control limits. 4

4.1.1 Nuclear Decay Parameters - When measuring check sources of short half-life radionuclides such as phosphorus-32 and iodine-125, it will be necessary to correct the observed data to a common date for comparison purposes. Count rates observed at time t may be related to those at a reference time t, by the radioactive decay law: Rt r - Rt e h ( t - tr ) . . . (5) where h is the radioactivity decay constant. 4.1.2 Short Half-L;fe With Respect to Counting measuremems will be made Time - Occasionally, on a short ~half-life radionuclide in which the counting time is an appreciable fraction of the half-life. The count rate at the beginning of the measurement Rt = 0 may be computed from the observed count rate ROD8by the equation:

Rt -

0 =

Robs

( 1-e)

-~.

"`-

_

I\ t,

1

... ... (6)

where in this case t, is the counting in the same units as the half-life.

time expressed

4.1.3 Counting Systems Resolving Time - During the time period in which the spectrometer is recording an incoming event, the counting system is said to be dead, that is, pulses arriving at the amplifier during this time interval ( typically O-5 - 2 ps for commercial liquid scintillation counters ) will not be counted. Methods for measuring and correcting the dead time are given in Eq (1) and are beyond the scope of this standard. However, in order to minimize dead time errors, the activity of check sources should not exceed 5 x lo5 disintegrations per minute. 4.2 Abnormal Count Rate Observations of Check Source

4.2.1 Integrity of the~check Source - Abnormal results may indicate deterioration of the check source. Flame-sealed check sources shall be stored in a cool, dark area to prevent thermal and photochemical decomposition of the scintillator(s).

IS I 12421 When check sources of Type (c) or (d) are used, care shall be exercised in the measurement of radionuclides which have a tendency to precior to plate out on the walls of the conpitate, Such phenomena will greatly alter the tainer. counting efficiency due to the change in geometry and self-absorption of the source. 4.2.2 Phetotuhe and Amplijier Performance A source of systematic error in liquid common scintillation measurements is gain shifts and the performance of the phototubes gain shifts may be due to the amplifier's drifting, to changes in the high voltage to the phototubes, or the deterioration of the phototubes. Gain changes may often be compensated for by changing the discriminator setting(s) ( refer to the instrument manual ) . 4.3 Abnormal Check Source Observations Count Rate

- 19S8

of Background

4.3.1 Contamination - The most serious cause of an increased background is contamination. Good laboratory practices shall be employed in order to avoid contaminating the counter. 4.3.2 High-Activity Sources - Fluctuations in the background count rate can be caused by movement of high activity sources ( such as cobalt-60 irradiation sources ) in a nearby room or by the presence of gamma-ray-emitting samples. 4.3.3 Chemiluminesence, Phosphoresence, and Static Electricity - Many methods can be found in the open literature for eliminating these troublesome phenomena. It is important that the possibility be recognized that spurious counts may arise from these effects.

APPENDIX A [ Clause 3.2.2.4 (b) ]
STATISTICAL THE A-l. CHECK SOURCE TESTS AND OF REPRODUCIBIIJTY CRITERIA JV and G, the relative standard deviation, Xs TEST OTHER From RSD,

A-l.1 A flame-sealed SH check source was chosen having an activity of about 10s disintegrations per minute. The net count rate R was about 50 000 counts per minute. Thus R > > B and R+B=R. A-2. MEASUREMENTS

is calculated:

/\ 0 &SD = (r x 100 = 5yt48 x 100 = 0*44% LW The statistics of this distribution are calculated using Eq (1) to (5) given in 3.2.2.4,
TABLE 1 RESULTS OF 10 DETERMINATIONS AND DEVIATIONS FROM THE MEAN ( Clause A-3.1 )
DETERXINATION Ni

A-2.1 The counter was set according to the manufacturer's recommendations for 3H, and ten 1 min counts were taken. -After each measurement, the sample was removed from the sample chamber and then replaced ( to test the reproducibility of positioning by the elevator ). A-3. RESULTS AND CALCULATIONS

(Nl-X)

(Ni

- 3)s

A-3.1 Let Jv, be the number of counts accumulated in a 1 min count and let n = 10 be the number of determinations. The results fbr the 10 determinations and the deviations from the mean are shown in Table 1. A-3.1.1 value Jv: Equation I Calculation of the mean

(1)

(2)
50 386 50 819 50 564 50 482 50 277 50 233 50 365 -

(5) 38 471 216 134 - 71 115 17 27 528 189

(4) 1 444 221 841 46 656 17 956 5 041 13 225 289 729 278 784 35 721

8
Jv= -

50 375 49 820 50 159

1 n

n c i=l

n

1

_

503 480 10

= 50 348

9
10

A-3.2 Equation 2 - Calculation standard deviation for a Poisson
h
u

of the estimated distribution: 224 counts
5

II
i=l

rr

c

Nf = 503 480

=

2/F

=

v

50 348

=

c i=l

(jv,--$)

=621686

IS : 12421-1988 A-3.3 Equation 3 - Calculation of the observed standard deviation for the measured distribution: A-4. DECISION ON COUNTING SYSTEM PERFORMANCE BASED UPON STATISTICAL OBSERVATIONS: THE X2 TEST The Xs test is a useful method for the detection of nonstatistical behavior. The distribution of X* is known, and its values have been tabulated. Table 2, listing the X'+alues, shows the rejection values for various levels of significance as determined by the number of measurements. Probabilities between 0.05 and 0.95 are considered to indicate that the counting system is probably performing satisfactorily. The observed Xs is 12.3 which is within the percentage point values of 16.9 and 3.3 indicated in Table 2 for n = 10.

= 0.52% A-3.4
xz=LN

Equation 4 n i=l
c

The Xs value:
3)" = x

(N--

=12.3

TABLE

2

X2 VALUES

( Clause A-4 ) NUMBER OF DETERMINATION (1) 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 o-99 (2) 0~020 0'115 0.297 0'554 0.872 1'239 1'616 2'088 2'558 3'053 3.57 1 4.107 4.660 5'229 5'812 6'408 7.015 7,633 0'95 (3) 0.103 0.352 0.711 1'145 1.635 2'167 2'733 3.325 3.940 4'565 5.226 5'892 6.571 7'261 7'962 8.672 9'390 10.117 0'90 (4) 0'211 0'584 1'064 1'610 2.204 2'833 3'490 4168 4'865 5'578 6'304 7.042 7.790 8'547 9'312 10.085 10'875 11'651 PROBABILITY 0.50 (5) I.386 2'366 3'357 4351 5'348 6'346 7.344 3'343 9942 10'341 11'340 12'340 13'339 14'339 I5.338 16'338 17'338 18.338 0'10 (6) 4'605 6'251 7'778 9'236 10'645 12'017 13.362 14'684 15.987 17'275 18.549 19'812 21.064 22.307 23.542 24'769 25'989 27.204 0'05 (7) 5.991 7'815 9.488 11'070 12.592 14'067 15'507 16.919 18'307 19'675 21.026 22'362 23'685 24'996 26296 27'587 28'869 30'144 0.01 (8) 9'210 11'345 13'277 15'086 16.812 18'475 20'090 2 1.666 23'209 24.725 26'217 27.688 29.141 30'578 32'000 33'409 34'805 36.191

NOTE - In the example given, there is only a 5 percent chance that the measured Xa value would he less than 3'325. Similarly, there is only a 5 percent chance that it would be greater than 16'919. Since the measured value was 12'3, we concluded that the system is in control.

6

APPEND IX B ( Clause 3.2.3.1 )
PERFORMANCE Sample Identification
Activity Source NJ. ( Disintegrations per minute ) Date

MONITORING

LOG FOR Instrument

LiQUID Settings

SCINTILLATION

COUNTER Month
7------Low Level Discriminators -h_----_--~ High Level

Year

Background Tritium Carbon-14

Channel 1 2 3

Gain

Date

Count Time ( min )

Count Rates for Indicated Source and Channel ( counts per minute ) -

Other

Comments

Operator Initials

-T
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